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III. Abstract
The AMY gene family plays an essential role in the expression of ⍺-amylase, an enzyme
critical to starch digestion. The importance of dietary starch in the evolution of human traits such
as the brain is an ongoing point of debate in evolutionary biology because many studies have
focused on the increase in animal proteins in hominin diets as the catalyst that made its expansion
possible. Levels of amylase expression vary among primates, and although the regulatory
mechanism is mostly unknown, evidence suggests that gene copy number variation (CNV) plays
a role in humans (Perry et al., 2007). Previous studies indicate that humans who have traditionally
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consumed high starch diets possess an increased number of AMY gene copies which correlated
with increased amylase protein expression in saliva. However, it is important to note that Papio
hamadryas and Theropithecus gelada show higher salivary amylase expression than Homo sapiens
and Pan troglodytes despite having fewer gene copies. The finding that these primates have higher
amylase expression in saliva suggests CNV cannot fully explain its regulation. In this study, I
mined and phylogenetically analyzed 30 AMY-related genes from 11 species of haplorrhines. My
research sheds light on the complex evolutionary history of this gene family in humans and other
primates to further our understanding of our ecological past and the evolutionary pressures that
drove these adaptive changes. These findings show that the ancestor of all anthropoids likely had
a single AMY-like gene.
This gene duplicated independently in New World monkeys and Old World
monkeys. Assuming that the gibbon lost its “AMY1 like” gene, in the ancestor of the apes, there
was a single AMY that duplicated into the AMY1 and AMY2 like genes. This AMY2 gene then
duplicated into AMY2a and AMY2b. All apes have these three orthologs, but gibbons lost their
AMY1. In gorillas, AMY2b duplicated again. In humans, AMY1 duplicated further resulting in
a three salivary orthologs 1a, 1b, and 1c. These results suggest that the gradual expansion was
driven by selective forces to allow humans and other primates to adapt to various ecological
landscapes and maximize energy intake from starch-rich foods in periods of food scarcity or in
some cases, a staple of their diet.

IV. Introduction
AMY and its Relevance to Human Evolution
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There is an ongoing debate among evolutionary theorists regarding the relative importance
of proteins derived from meat-based diets versus starch, a form of carbohydrates, from plant foods
in the evolution of enlarged primate brains. Although there is support for the idea that the shift
from a more plant-rich diet to a meat-rich diet drove the expansion of the primate brain (Aiello &
Wheeler, 1995; Milton, 2003), others argued that digestible carbohydrates and cooking may have
played equally important roles (Hardy et al., 2015; Wrangham, 2009). Glycogen production in the
liver and muscle tissues, the result of glucose intake from carbohydrates, including dietary starch,
is essential to human cognitive abilities (Suzuki et al., 2011). Human brains require a steady and
reliable source of glycemic carbohydrates to maintain healthy brain function, which accounts for
nearly 25% of our basal metabolic spending (Fonseca-Azevedo & Herculano-Houzel, 2012).
Based on isotopic and craniodental fossil evidence, several studies suggest that the
transition to open habitats led to a possible increase in starch-rich foods from underground storage
organs (i.e. tubers, corms, roots and bulbs) and allow early hominins to optimize energy intake
from their diet (Codron et al., 2007; Dominy et al., 2008; Laden & Wrangham, 2005; Sponheimer
et al., 2013). Many living primate populations inhabit open habitats, and as research has shown,
they consume these critical food sources. Savannah dwelling chimpanzees in Ugalla (Tanzania),
use tools to uncover underground storage organs (USOs) during the rainy season when food is
more abundant (Constantino & Wright, 2009; Hernandez-Aguilar et al., 2007). This evidence of
tool use is in contrast some fallback food hypotheses which suggest that lower “quality” but
abundant foods, like USOs, become more vital when preferred foods are less abundant (Laden &
Wrangham, 2005). Baboons have also been shown to consume USOs in varying quantities across
habitats. For one population of Papio anubis, for example, underground items such as various
species of corms only accounted for 5.6% of their diet by mass and 15% of feeding time throughout
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the study (Whiten et al., 1991). However, a Papio ursinus population found in an open and
mountainous habitat fed almost exclusively on USOs during the colder dry season (Whiten et al.,
1987).
In recent decades, many trendy diets such as the “Paleo Diet” have claimed that adopting
dietary strategies similar to those of early human populations could limit the risk of diet-related
metabolic diseases and obesity (Sisson, 2012). However, it is still unclear what constitutes the
“best” dietary strategy for modern humans. Critics of these fad diets point out that it is problematic
to assume that at some point in time, humans or our ancestors adapted perfectly to their
environment (Zuk, 2013). Our current understanding of evolution tells us no organism is “perfectly
adapted” but display countless adaptive compromises and “good enough” solutions. Indeed,
determining what humans “should” be eating is very complex and unlikely to fit a one size fits all
model. However, a common observation is that variations in human diets are reflected in patterns
of gene variation and expression seen across human populations and can offer a window into our
dietary past (Luca et al., 2010).
In this study, I looked at the recent evolutionary history of the primate AMY gene family,
which contributes to the production of α-amylase in order to further examine the role that this
glycemic carbohydrate played in our adaptive past. One of the well-understood functions of the αamylase enzymes is in the first step of starch digestion. In this crucial step, both salivary and
pancreatic α-amylase hydrolyze starches into subunits of maltose and dextrin, which are converted
to glucose in later stages of digestion. Previous research also demonstrated that levels of α-amylase
expression are at least in part mediated by psychological stress (Nater et al., 2005) and are
considered to play an essential role in binding to oral bacteria (Scannapieco et al., 1993). However,
the exact nature of the relationship of α-amylase to immune function and response to stress are yet
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to be fully explained.
Despite our knowledge of the physiological process of starch digestion, our understanding
of the link between starch digestion and genetics is incomplete at best. We know very little about
how the expression and regulation of the AMY gene family in most species outside of humans,
dogs, and mice. Understanding the adaptive history of this gene family can shed light on whether
humans evolved adaptions at the molecular level which would have promoted the use of starchrich foods as a source of energy relative to other primate species.
In humans, the AMY gene family contains an unfixed number of genes, varying in form
and function. This variation in the number of genes is important since one of the many ways gene
expression can be regulated is a process known as copy number variation (CNV) by which more
copies of a gene will increase expression (Stranger et al., 2007). Perry et al. (2007) examined
CNVs of the salivary AMY genes in humans and provided evidence that humans possess, on
average, six copies of the AMY1 related genes, while many other primate species only possess one.
Also, humans with more AMY genes produced more salivary amylase proteins than those with
fewer copies (Perry et al., 2007). This would seem to explain why humans show α-amylase protein
expression levels in saliva up to eight times higher than chimpanzees (McGeachin & Akin, 1982)
who do not have CNV of the AMY1 gene and generally have low digestible starch diets like the
study group at Kanyawara (Uganda) who use starch-rich piths primarily as a fallback food
(Wrangham et al., 1991). Even within the human species, variability in starch intake across
populations has exerted selective pressures for a higher number of copies in populations with
historically high starch diets (Perry et al., 2007). This mechanism appears to have been driven in
large part by the shift to agriculture which increased the availability of starch-rich foods as opposed
to populations inhabiting rainforests, artic hunter-gatherer and in some cases pastoralist societies
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with relatively low starch diets (Hardy et al., 2015; Perry et al,. 2007; Swallow, 2003). To
summarize, Perry et al. found that variation in dietary starch consumption in human groups
corresponded to variation in the number of AMY genes present in those groups.
The human AMY gene cluster is located on chromosome 1 (Figure 1) and contains a
variable number of genes (Hardy et al,. 2015; Perry et al., 2007). These can belong to either the
AMY1 group, which codes for the production of salivary amylase, or the AMY2 group, responsible
for pancreatic amylase expression (Groot et al, 1989; Janec̆ ek, 1997; Samuelson et al., 1988).
Previous studies have found that this configuration of genes could have resulted from several
unequal homologous recombination events and two known retroviral insertions (Samuelson et al.,
1988; Samuelson et al., 1990; Samuelson et al., 1996). In the AMY1 group, three genes encode and
regulate the expression of salivary amylase (AMY1A, AMY1B, and AMY1C) while only two genes
control pancreatic amylase expression (AMY2A and AMY2B) (Samuelson et al., 1996). The
pseudogene AMYP1 also occupies the gene cluster although it is not believed to play and active
role in encoding or regulating the enzymes (Samuelson et al, 1996). It is also important to note
that not all humans possess all three variants of the AMY1 gene (Swallow, 2003).
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Figure 1. Human chromosome 1 showing the approximate locations of the five functional
human AMY gene variants; AMY1A, AMY1B, AMY1C, AMY2A and AMY2B, and one
known pseudogene AMYP1. Figure was created using NCBI Decoration Page:
https://www.ncbi.nlm.nih.gov/genome/tools/gdp.

Non-human primates, like us, show a vast array of nutritional strategies, ranging from
omnivorous baboons (Whiten et al., 1991) to leaf-eating black and white colobus monkeys (Harris
& Chapman, 2007). The general dietary categories assigned to primates are based on the foods
they commonly consume (i.e., frugivore, folivore, gumnivore, insectivore). However, primates can
be much more flexible in their commonly observed feeding habits might imply (Chapman &
Chapman, 1990). This flexibility is important because although starch-rich foods may not be
common in many of the non-human primate species in this study, it may not mean they could not
utilize these resources during times when preferred foods are not available or less abundant (Laden
& Wrangham, 2005)
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The structure and digestibility of starches vary from readily-digestible starch (RDS) to
resistant starch (RS) which are not digested through enzymatic activity alone (Englyst et al., 1992).
Starch digestibility is the ratio of amylose (resistant starch)/amylopectin (digestible starch) found
in a particular food (Behall et al., 1988). For primates, starch digestion begins in the oral cavity
where the amylase protein present in saliva begins hydrolyzing RDS into subunits of maltose and
dextrin, which are converted to glucose in later stages of digestion. Pancreatic amylase performs
a similar role in the small intestine but is believed to play a much more active role in breaking
down the bulk of RDS than salivary amylase (Lebenthal, 1987). A study found that 97% of RDS
is digested by the time it reached the terminal ileum and that the majority glucose released from
starch was absorbed in the duodenum in chickens (Riesenfeld et al., 1980). A study in humans also
found that the majority of enzymatic breakdown of RDS occurs in the small intestine (Englyst &
Cummings, 1985). In humans and presumably other primates, the breakdown of resistant starch
(RS) occurs primarily in the colon by gut bacteria (Englyst & Macfarlane, 1986).
Although it is impossible to quantify the starch intake of many of the primate species
included in this study based on current data, some studies do shed light on the use of starch-rich
foods in specific populations. One study measured starch content in several foods consumed by
mammals and birds and reported the following values; fruits (0-3% starch), seeds (0-80% starch)
and grasses (1-5% starch) (Robbins, 1993). Generally speaking, starch makes up a most substantial
part of human diets than most other primate species. In fact, human innovations in agricultural
practices have increased access to starch-rich foods (rice, potatoes) (Bright-See & Jazmaji, 1991)
and the use of cooking which changes the structure of starch making it more easily digestible in
some cases (Thorne et al., 1983) plainly put humans at the top of the starch spectrum. However,
this is not the case in every human population, for example, many traditional hunter-gatherer

11

rainforest populations which have greater excess to non-starch carbohydrates and populations
inhabiting arctic habitats where agriculture is challenging will consume less starch (Draper, 1977;
Szathmary, 1981; Hart & Hart, 1986).
On the other hand, studies showed that savannah dwelling human hunter/gatherer
populations utilize underground storage organs (USO) as a critical nutritional resource
(Schoeninger et al., 2001; Singels et al., 2016; Vincent, 1985). Since many omnivorous primate
species live in similar habitats, we might expect that they too can utilize these important sources
of nutrients especially during times of food scarcity. Rainforest dwelling chimpanzees for
example, do not appear to have particularly high starch diet due to the high amount of fruits and
leaves in their diet (Newton-Fisher, 1999; Wrangham et al, 1991). However, studies of savannah
dwelling chimpanzees found that USOs and legumes are important resources even when the
availability of other foods is high (Hernandez-Aguilar et al, 2007; Schoeninger et al, 1999).
Although legumes are not often thought of as a source of starch, a study of legumes often consumed
by humans found that they can contain starch in its less digestible form (Phillips, 1993). Bonobos
which are also highly frugivorous, have been shown to utilize terrestrial herbaceous vegetation
(THV) as a critical food resource whose piths contain carbohydrates in the form of starch (Malenky
& Stiles, 1991). Mountain gorillas (Gorilla beringei) and its’ more frugivorous cousin, the lowland
gorilla (Gorilla gorilla) both rely heavily on THV and are primarily herbivorous, with leaves and
stems making up a large part of their diet (Rogers et al., 2004; Rothman et al., 2007). Although
digestible starch only makes up a small percentage of observed lowland and mountain gorilla diets
(0.5% in peels to as much as 6.5% in fruits; Ganas et al., 2008), 25-60% of their caloric intake
comes from colonic fermentation of resistant starches (Popovich et al., 1995). Sympatric
orangutans and gibbons appear to have relatively low starch intake compared to other apes due to
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their highly frugivorous diets, but have also shown remarkable flexibility in times of low fruit
availability (Galdikas, 1988; McConkey et al., 2003). However, they too likely get some small
amount of starch from various plant foods. Old-World monkeys also show variability in starch
intake depending on habitat and food availability. For example, savannah baboons have been
known to consume corms which can contain as much as 50% digestible starch (Macho, 2014).
However, some population of baboons spend very little of their feeding time on USOs, including
corms, while others will feed on them almost exclusively in seasons of low food availability
depending on habitat type (Whiten et al., 1987; Barton et al., 1992). Macaques, like baboons, are
a very diverse group of species and can inhabit vastly different ecological landscapes. Although
there is no reported evidence of widespread use of USOs by macaques, limited use was reported
in a population of Barbary macaques (Drucker, 1984). Also, seeds which can contain elevated
levels of starch as an energy package for developing plant embryos does appear to be an important
food in some populations (Hanya et al., 2006).
As we can see, starch intake can vary significantly across habitats and ecological
landscapes, but in large scale, digestible starch intake does appear to be universally low among
primates, perhaps except for agricultural and savannah dwelling populations. However, as I hope
I was able to demonstrate, most primate can and do consume starch to varying degrees which could
have exerted selective pressure on the primate AMY genes and their expression. It is still unknown
how non-human primates regulate the expression of α-amylase and whether this could be linked
to CNV as it is in humans. However, one study has demonstrated that geladas, who use starch-rich
roots and seeds as a staple food source (Iwamoto, 1979), and hamadryas baboons, who inhabit
environments where lower species richness could make starch derived energy more important
(Swedell et al., 2008), presented higher expression of salivary amylase than chimpanzees and
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humans despite having fewer genes (Mau et al., 2010). This higher expression by hamadryas
baboons seems to indicate that some non-human primates regulate AMY gene expression by some
other means than increased copy number.
The AMY gene family expansion and variation in humans and the diversity in starch intake
amongst primates with different diets, warrants further examination of the phylogenetic history of
the AMY gene family. In this study, I examined the evolutionary history of the AMY gene family
across a broad spectrum of primates. The results mirror recent findings that primates, notably,
catarrhines underwent several gene duplications in response to diet with several key differences
which will be discussed later (Pajic et al., 2018). These findings provide a better understanding of
how this gene family evolved along the primate lineage, a significant step towards determining its
adaptive significance.

V. Materials and Methods
A. Methods Summary
First, I obtained and aligned sequences from 11 primate species. I then examined these
genomic sequences using a phylogeny-based maximum-likelihood method to detect selective
forces acting on these genes (Yang, 1997; Zhang et al., 2005). This method uses the ratio of nonsynonymous to synonymous substitution rates to construct the most likely to represent
phylogenetic relationships of species. Based on the findings above, I predict that this analysis will
show evidence of positive selection at the AMY gene in humans, while other non-human primate
AMY genes will be under balancing or negative selection. Next, I conducted an Adaptive BranchSite REL test, an unbiased statistical method to determine lineages at which a proportion of sites
evolve with dN/dS > 1 (Kosakovsky Pond et al., 2011; Smith et al., 2015). I then use a statistical
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approach to uncover incidences of gene conversion among homologous genomic sequences
(Sawyer, 1989). I predict that my findings will support several duplication events along the primate
lineage resulting in the variation in copies seen across and within species. Subsequently, I predict
that the expansion of the AMY gene cluster will correspond with the increase in relative brain size
which characterizes the evolution of the primate order.

B. Genomic Sequences
I obtained genomics sequences for all “AMY-like” genes from publicly available genome
assemblies via the University of California Santa Cruz Genome Browser online database
https://genome.ucsc.edu (Kent et al., 2002). I performed a search against the GRCh38/Hg38
human assembly for each of the five known human AMY genes (AMY1A, AMY1B, AMY1C,
AMY2A, and AMY2B). The convert feature of the genome browser was then used to obtain
homologous genes present in the genome of 8 additional primate species (See Table 1). In some
instances when the convert feature was not available (Pongo abelii, Nomascus leucogenys) BLAT
(Kent, 2002) was used to search each known human AMY genes against each of the two genomes
to locate homologous genes. Once the maximum effective coverage of the unknown gene was
determined, BLAT was used again to find any additional AMY-like genes present in these species.
Lastly, each genetic sequence retrieved by the methods above were aligned to their respective
genome assemblies using BLAT to locate any previously unidentified copies of the genes, though
I did not find any. This process identified 32 sequences across 11 species of interest, which I
compiled into a FASTA format file for future analyses. See Table 2 for additional information
about all genomic sequences collected for this research project.
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Table 1. Genome Coordinates for AMY Orthologs
Species

Homo sapiens

Pan
troglodytes

Pan paniscus

Gorilla gorilla

UCSC ID

hg38

panTro5

panPan1

gorGor5

Sequencing/Assem
bly provider ID

Genome Reference
Consortium Human
GRCh38

Chimpanzee
Sequencing and
Analysis Consortium
Build 3.0
Max-Planck Institute
panpan1

University of
Washington GSMRT3

Coordinates (AMY)

Span

Method

AMY1A chr1:103,655,755-103,664,554

8,800 bp.

UCSC search

AMY1B chr1:103,687,415-103,696,454

9,040 bp.

UCSC search

AMY1C chr1:103,750,406-103,758,690

8,285 bp.

UCSC search

AMY2A chr1:103,616,811-103,625,777

8,967 bp.

UCSC search

AMY2B chr1:103,554,700-103,579,529

24,830 bp.

UCSC search

chimp1 chr1:104,424,515-104,433,312

8,798 bp.

Converted from human AMY1A

chimp2 chr1:104,385,153-104,394,008

8,856 bp.

Converted from human AMY2A

chimp3 chr1:104,322,939-104,347,918

24,980 bp.

Converted from human AMY2B

panpan1 JH650130:33,385-42,359

8,975 bp.

Converted from human AMY1B

panpan2 JH650485:9,148,191-9,157,061

8,871 bp.

Converted from human AMY2A

panpan3 JH650485:9,085,954-9,110,981

25,028 bp.

Converted from human AMY2B

Gor1 CYUI01015772v1:36,441-45,474

9,034 bp.

Converted from human AMY1B

Gor2 CYUI01015080v1:20,231-45,564

25,334 bp.

Converted from human AMY2B

Gor3 CYUI01004184v1:898-9887

8,990 bp.

UCSC BLAT from gor1 sequence

Gor4 CYUI01015081v1:13,796-21,975

8,180 bp.

UCSC BLAT from gor1 sequence

Gor5 CYUI01015772v1:1-4192*

4,192 bp.

UCSC BLAT from gor1 sequence

Pongo1 chr1:124,756,453-124,765,396

8,944 bp.

Converted from human AMY1A

Pongo2 chr1:124,808,022-124,816,923

8,902 bp.

Converted from human AMY2A

ponAbe2

WUSTL
Pongo_abelii-2.0.2

Pongo3 chr1:124,868,866-124,878,148

9,283 bp.

Converted from human AMY1B

Nomascus
leucogenys

nomLeu3

Gibbon Genome
Sequencing
Consortium Nleu3.0

Gibbon1 chr12:73383488-73392446

8,958 bp.

UCSC BLAT from Human AMY1B sequence

Gibbon 2 chr12:73424467-73450001

25535 bp.

UCSC BLAT from Human AMY2B

Papio anubis

papAnu2

Baylor College of
Medicine Panu_2.0

papAnu1 chr1:104,645,918-104,654,877

8,960 bp.

Converted from human AMY1B

papAnu2 chr1:104,572,198-104,602,871

30,674 bp.

Converted from human AMY2B

macFas1 chr1:123,284,692-123,309,710

25,019 bp.

Converted from human AMY2B

Pongo abelii

macFas5
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Macaca
fascicularis
Macaca
mulatta

rheMac8

Chlorocebus
sabaeus

chlSab2

Callithrix
jacchus

calJac3

Washington
University
Macaca_fascicularis_5
.0
Baylor College of
Medicine Genome
Sequencing Center
Mmul_8.0.1
Vervet Genomics
Consortium 1.1

WUGSC 3.2

macFas2 chr1:123,239,736-123,248,561

8,826 bp.

Converted from human AMY2A

rheMac1 chr1:104,536,458-104,545,283

8,826 bp.

Converted from human AMY2A

rheMac2 chr1:104,390,644-104,416,615

25,972 bp.

Converted from human AMY2B

chlSab1 chr20:29,803,767-29,812,721

8,955 bp.

Converted from human AMY1B

chlSab2 chr20:29,840,043-29,863,111

23,069 bp.

Converted from human AMY2B

calJac1 chr7:139,834,845-139,843,910

9,066 bp.

Converted from human AMY1A

CalJac3 chr7:139,819,806-139,824,821*

5,016 bp.

Converted from human AMY1B

CalJac2 chr7:139,791,011-139,817,218

26,208 bp.

Converted from human AMY2B

*= did not convert

Table 1. Genome coordinates of all orthologs belonging to the AMY gene family for each of the eleven-primate species used for this
study. The coordinates correspond to those listed on each of their respective genome assemblies on the University of California Santa
Cruz (UCSC) Genome Browser. “Span” refers to the number of base pairs in each gene region on a single DNA strand, including introns
and exons. The different tools listed under “method” are built into the UCSC Genome Browser platform. UCSC search refers to the
search engine built into the genome browser. The convert feature is an automated tool used to search for a homologous gene region in
another genome. The Blat tool is similar to convert but allows users to manually search a genome for similarities with a section of a
reference genome. This was used in cases when the convert feature was not available due to incompatibility between the genome
assemblies being compared. Coordinates marked with a star (*) are believed to be incompletely duplicated genes which are nonfunctional and have significant portions of their coding regions missing.
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C. Coding DNA Sequences
I located the coding regions for the human AMY1A gene on the GenBank open access
database. The information was accessed by searching for the Human AMY1A on the NCBI website
(https://www.ncbi.nlm.nih.gov/nuccore) and following the GenBank link. I matched the coding
region coordinates with the coordinates of the provided reference sequence. Refer to table 2 for a
list of coding region coordinates for Human AMY1A gene.
All coding sequences were cropped manually in Text Wrangler, so no gaps were present
in the alignments.

I used a bioinformatics sequence manipulation translation tool

(bioinformatics.org/sms2/translate) to translate CDS sequences to ensure that the appropriate
regions were collected and that no stop codons interrupted the translation of the amino acids chain
making up the various α-amylase proteins. The Gor5 and CalJac3 sequences were removed from
the dataset because they did not translate as they were missing the majority of the coding regions.
I, therefore, infer that these sequences may not be functional versions of the gene but incomplete
duplicates which would not have contributed to this analysis. A gap created during the alignment
positioned from 1122-1131 prevented many of the sequences from translating. To resolve this
issue, the gap was shifted by one base pair downstream (1123-1132) for every sequence except
Pongo2 and MacFas2. After addressing all translation issues, a final CDS for each gene were
compiled into a FASTA file format.
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Table 2. Coding Region Coordinates for Human AMY1A
Exons
1
2
3
4
5
6
7
8
9
10

Coordinates
Start
103,656,331
103,656,844
103,657,794
103,658,440
103,659,410
103,660,360
103,660,577
103,662,657
103,662,886
103,664,331

End
103,656,498
103,656,990
103,657,991
103,658,670
103,659,543
103,660,482
103,660,676
103,662,775
103,663,011
103,664,520

Span
168 bp.
147 bp.
198 bp.
231 bp.
134 bp.
123 bp.
100 bp.
119 bp.
126 bp.
190 bp.

Table 2. Coordinates and length of the human AMY1A coding regions from the Hg38 human
genome assembly. These coordinates were obtained using the University of California Santa
Cruz Genome Browser (UCSC). The human AMY1A gene is comprised of ten exons ranging in
size from 100 bases to 231 bases in length. The human AMY1A exons were aligned to the nonhuman primate sequences to locate their respective coding regions.

D. Sequence Alignments (MAFFT)
MAFFT, a multiple sequence alignment tool (Katoh et al., 2002) for amino acid and
nucleotide sequences were used to match homologous regions of the whole AMY gene sequences
for 30 AMY gene sequences from 11 primate species described in the previous sections. MAFFT
allowed me to accurately and effectively align somewhat distantly related sequences while
significantly reducing computing time. Each of the 30 whole gene nucleotide sequences was
aligned to one another using the FFT-NS-2 progressive method as the dataset was small enough to
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warrant a slower but more accurate alignment model. I set the gap penalty to 1.53 and the scoring
matrix used was 200PAM / k=2. Score for Ns in the dataset was also set to zero as to not effect on
the alignment by causing unnecessary gaps. The resulting whole gene alignment was 37,327 base
pairs in length. The human AMY1A coding regions were then aligned the whole gene sequences
for each species using MAFFT add fragmentary sequences feature. This feature of MAFFT allows
for fragmentary sequences to be aligned to a preexisting alignment which made it possible to locate
all coding regions for the remaining gene sequences quickly. Non-coding regions for each gene
were cropped out resulting in a final coding alignment of 1,546 b.p.

E. Adaptive Branch-Site Rel Test (aBSREL)
”aBSREL” allows for the quantification of episodic diversifying selection by applying
different models varying in complexity to different branches in a phylogeny (Smith et al., 2015).
I performed this test on only the fully translated coding regions of 27 of the 31 sequences. Four
sequences were omitted automatically by the program for being identical to other sequences in the
dataset (Human AMY1B and AMY1C, Gor4 and Gor5). The test was conducted using an online
bioinformatics tool hosted by the Datamonkey website (https://www.datamonkey.org/absrel)
(Delport et al., 2010).

F. Gene Conversion Analysis (GENECONV)
I collected evidence of gene conversion with the use of GENECONV, a program which is
designed to detect instances where a segment of DNA is copied onto a different segment of DNA
(Sawyer, 1999). For this analysis, both the whole gene alignment and coding region alignments
were subjected to a computational comparison to identify segments bearing sufficient similarity to
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suggest past gene conversion. I configured the parameters as follows: /G2 -nolog /es. It is important
to note that this program only allowed us to search for gene conversion in species where 3 or more
homologous sequences were present. This limitation excluded all Old-World monkeys and
gibbons from the analysis since my genome search only yielded two gene copies for each of these
species.

G. Phylogenetic Analysis (RAXML)
Two phylogenetic analyses were performed using RAXML (Randomized Axelerated
Maximum Likelihood), a program which allows for rapid sequential and parallel maximum
likelihood-based inferences of large phylogenetic trees (Stamatakis, 2014). In preparation for this
analysis, I prepared two files, one containing only the aligned coding sequences and the other
containing aligned whole gene sequences. As mentioned previously, the 25,405 b.p. nonhomologous upstream regions were removed from the file whole gene sequences file as well as
regions associated with gene conversion events, identified by the method above, this resulted in a
final whole gene alignment of 6,822 b.p. which I used for the phylogenetic analysis. No changes
were made to the 1,542 b.p. long coding region alignment before this analysis. I performed a rapid
bootstrapping (1000 bootstraps) and subsequent maximum-likelihood tree search on all 31
sequences encompassing 11 primate species. The parameters were configured as follows: Whole
gene - /raxmlHPC-PTHREADS -T 2 -f a -s -m “input file” GTRGAMMA -p 123929 -x 321928 # 1000 -q Part.txt -n “output file”, CDS only - /raxmlHPC -T 4 -f a -s –m “input file”
GTRGAMMA -p 123933 -x 344922 -# 1000 –n “output file”.

VI. Results
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A. Sequence Alignment
For purposes of this experiment, two alignments had to be made. The initial alignment used
MAFFT to align each of the 31 genetic sequences collected from the UCSC genome browser. The
total length of the initial whole gene alignment was 37,327 b.p. For the second alignment, the
coding regions were aligned and cropped resulting in 1,542 b.p. long translatable sequences. After
the disposal of non-coding regions and manual adjustment of the sequences to close gaps resulting
in codon misalignment, each gene was checked for uninterrupted translation to confirm the
accuracy of the alignment although some of sequences did contain gaps where assemblies from
UCSC genome browser appear incomplete, all but two sequences translated from beginning to end
without stop codons (CalJac3 and Gor5) and were thus removed from the dataset as possible
pseudogenes.

B. GENECONV Results
A gene conversion analysis found that 26 regions within five species (humans, bonobo,
orangutan, gorilla, and marmoset) have undergone conversion events. Gene conversion is a
mechanism by which genetic material is transferred unidirectionally from one homologous
sequence to another. As with recombination, the resulting variants from this process can add to
allelic diversity and be subject to selective forces. In this case, marmosets showed the highest
number of gene conversion sites. All ape sequences also showed significant gene conversion
except for chimpanzees. It is unknown why chimpanzees would stand out in this respect. More
research would be needed to clarify this finding. Although this analysis was limited to those species
where 3 or more AMY gene copies were present, the relatively high number of conversion events
in NWMs and apes (including humans) could have had a significant role in the evolution and
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expansion of this gene family in catarrhines. Table 3 shows a summary of the significant global
fragments with evidence of gene conversion (Simulated p-value < 0.05). Global “inner” or GI
fragments, have undergone a gene-conversion event between ancestors of two sequences present
in the alignment. Global “outer” or GO fragments, on the other hand, provides evidence of gene
conversion originating from outside the alignment.
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Aligned Offsets
Fragment
Sequence Names
type
calJac1; calJac2
GI
calJac1; calJac2
GI
calJac1; calJac2
GI
calJac1; calJac2
GI
calJac1; calJac3
GI
calJac1; calJac3
GI
calJac2; calJac3
GI
gor3; gor5
GI
hg38_amy2a;hg38_amy2b
GI
hg38_amy2a;hg38_amy2b
GI
panpan1;panpan2
GI
panpan2;panpan3
GI
pongo1;pongo2
GI
pongo1;pongo2
GI
pongo1;pongo2
GI
pongo2; pongo3
GI
panpan3
GO
calJac1
GO
calJac2
GO
calJac2
GO
calJac3
GO
calJac3
GO
calJac3
GO
gor1
GO

Simulated
P-value
0.0039
0
0
0.0083
0
0.0015
0
0
0.0139
0
0
0.0472
0.0397
0.0188
0.0397
0.026
0
0
0.0025
0
0.0068
0
0
0.0346

BC KA
P-value
0.03406
0.00001
0
0.01761
0.00032
0.00318
0
0.00001
0.07728
0.00207
0
0.06613
0.07277
0.02423
0.07277
0.04483
0
0.00001
0.00508
0.00002
0.04872
0
0
0.09791

Begin

End

Length

1152
33372
34451
36330
25868
30728
29627
34015
30515
33829
34068
25884
26692
35798
36302
30105
33961
29627
25868
30728
1152
33364
34451
35687

1440
33670
35185
36476
25958
30794
29685
36716
30598
34070
34842
26189
26802
35842
36509
30371
34842
29685
25958
30794
1440
33670
35185
35785

289
299
735
147
91
67
59
2702
84
242
775
306
111
45
208
267
882
59
91
67
289
307
735
99

Number of
Polymorphisms
47
90
186
36
7
10
11
201
12
16
27
11
13
10
13
22
31
11
7
10
47
93
186
9

Total Number
Of Differences
17
313
313
313
1030
1030
1004
53
450
450
642
521
589
589
589
508
613
947
973
973
16
256
256
298
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gor2
gor5
gor5
pongo3

Table 3.

GO
GO
GO
GO

0.0239
0.0059
0.0059
0.0396

0.09771
0.01971
0.01971
0.05136

31708
31712
32626
35798

31710
31723
32996
35842

3
12
371
45

2
5
5
10

450
408
408
563

The gene conversion analysis identified 26 regions across five species including; Callithrix jacchus, Homo sapiens, Pongo

abelii, Pan paniscus, and Gorilla gorilla. Each of the sites listed above resulted from the one-way transfer of genetic information from
one homologous gene region to the other. The corrected P-value threshold for significance is P > 0.05. The coordinates above correspond
to the final alignment of the whole AMY gene sequences listed in Table 1. Global “inner” or GI fragments, have undergone a geneconversion event between ancestors of two sequences present in the alignment. Global “outer” or GO fragments, on the other hand,
provides evidence of gene conversion originating from outside the alignment. The last two columns give the total number of
polymorphisms and the total number of pair-wise sequence differences.
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C. Phylogenetic Results
Using the 30 AMY gene sequences obtained, two phylogenetic trees were constructed using
RAXML. The first tree was created using the entire gene sequence which resulted in a tree showing
a better fit to the accepted phylogeny of these species (Figure 2), the second tree (Figure 3) was
constructed using only the coding regions. Figure 2 shows uniformly high bootstraps except for
the node representing the split between the AMY2A and AMY2B gene groups in apes with a
bootstrap value of 55. However, I expected these results since I removed the upstream regions
which would have significantly differentiated AMY2A, and AMY2B for the following reasons; the
regions were not homologous in the AMY1 and AMY2A orthologs, they did not contain coding
regions and caused certain branches on the tree to be misplaced in the building of the phylogenetic
tree. It is also worth noting that the node grouping one of the baboon and green monkey orthologs
and the node between the human AMY1 gene group and the gorilla AMY1 gene show slightly low
bootstrap values with scores of 72 and 71 respectively. A more in-depth analysis of the trees
reveals that primates inherited one AMY-like gene from their mammalian ancestors, likely a variant
of the modern pancreatic AMY2 gene. The gene undergoes two independent duplications in NWMs
and OWMs resulting in two differentiated orthologs. Figure 2 shows that the gibbon lost its “AMY1
like” gene, in the ancestor of the apes, while figure 3 shows that they lost the AMY2 variant
altogether, but the bootstrap value of this branch in figure 3 is low and could be misplaced. There
was a single AMY that duplicated into the AMY1 and AMY2 like genes followed by a second
duplication of the AMY2 gene in the great apes. All apes have these three orthologs, but in gorillas,
AMY2B duplicated again. In humans, AMY1 duplicated further resulting in three variants AMY1A,
AMY1B, and AMY1C.
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Figure 2. Phylogenetic tree constructed using RAXML represents the relationship of 30
homologous whole gene sequences across 11 anthropoid species. The tree shows universally
high bootstrap values except for the split between AMY2A and AMY2B in great apes. I was
unable to determine the designation (AMY1/AMY2) for Old World and New World monkeys
for this analysis. However, both primate groups appear to possess 2 differentiated gene copies.
Both gibbon orthologs nested with the human AMY2A and AMY2B, which could indicate that
gibbons no longer possess a salivary and pancreatic amylase differentiated genes. The gor2 and
gor4 orthologs both grouped with the human AMY2B sequence and appear to be the result of
another unique duplication in gorillas.
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Figure 3. Phylogenetic tree constructed using RAXML represents the relationship of only the coding
regions of the same 30 homologous gene sequences for 11 primate species. This tree shows some low
bootstrap values at several nodes. This is explained by the high degree of homology in the coding regions
of the AMY1 and AMY2 genes. In marked contrast with the previous tree, both gibbon genes group with
the human AMY1 gene variants. However, the low bootstrap values at the split between the gibbon genes
and other AMY1 suggests that this could be inaccurate. Although we cannot reject the idea that gibbons
lost either of the two gene variants (AMY1 or AMY2) and duplicated the other, we infer that gibbons
likely lost AMY1 and duplicated AMY2. This tree also shows that the orangutan “AMY2-like” gene
diverged from other apes and independently duplicated. This divergence could be the result of a 193 b.p.
gap of missing data in the original genomic sequence which coincides with the coding region.
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D. aBSREL Results
I tested 51 Branches of which 45 were assigned a single w rate class and 6 with a pair of
w rate class. See Table 4 for tree summary. Results of the aBSREL test yielded evidence for
episodic diversifying selection in 2 of the 51 branches of my phylogeny with a significance of P £
0.05 after multiple testing corrections (Table 5.). These periods of episodic selection pressure favor
extreme changes in a trait rather than the more common forms found in ancestral species.
According to the results, the branch containing all ape sequences orthologous to the human AMY2B
gene variant show signs of diversifying selection as well as the branch for one of the two gibbons
AMY orthologs. Due to constraints of “datamonkey”, I was unable to get the phylogeny used in
this analysis to match the tree generated using RAXML (Figure 1.) in which the gibbon sequences
lump with the AMY2 gene variants. These results still appear to have validity as it is unlikely both
the ape AMY2B branch and the branch for the gibbon genes categorized as closely related to
AMY2B in gibbons according to the tree create with RAXML would independently have returned
significant values. Running this step without including gibbon genes yielded a similar tree (Figure
4).
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Figure 4. aBSREL tree constructed with the 30 aligned coding sequences found in the appendix
using datamonkey. aBSREL reconstructs phylogeny based on the maximum-likelihood method
while searching for evidence of episodic diversifying selection. Color and thickness of branches
indicate the magnitude of episodic diversifying selection within the lineage. Thick blue lines are
statistically significant or nearing significance (P £ 0.05). My results show that the AMY1 (salivary)
gene in a common ancestor to all catarrhines possibly underwent diversifying selection. The
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ancestral ape AMY2 (pancreatic) gene was also subject to these forces. One of the gibbon orthologs
also shows a significant signal for episodic diversifying selection which could explain why their
phylogeny is not as closely linked to apes as expected.

Table 4. aBSREL Tree Summary
ω rate classes
1
2

# of branches
45
6

%
of
branches
% of tree length
88%
75%
12%
25%

# under selection
0
3

Table 4. Summary of selection analysis. Of the 51 Branches, 45 were assigned a ω rate class of 1
and 6 branches a ω rate class of 2. None of the branches assigned a ω of 1 were found to show
signs of episodic diversifying selection. Three branches with a ω of 2 did so, despite making up
only 12% of the total branches and 25% of the total tree length. Branches refer to those found in
the tree represented in figure 4.

Table 5. aBSREL Positively-Selected Branches

Branch

Optimized
Length

Gibbon1
0.0084
Ape AMY2B
0.0004
Catarrhine AMY1 0.0004
* = Not statistically significant

Branch

Likelihood
Ratio
Test Statistic for Corrected p-value
Selection
16.5406
11.8926
10.4456

0.0044
0.0449
0.0510*

Table 5. Summary of the branches with evidence of episodic diversifying selection. The Gibbon1
ortholog showed the most significant signal of selection. Strong selection in the gibbon orthologs
could explain the apparent loss of homogeneity with great apes despite their close genetic
relationship. The selection along the ape AMY2B branch corresponds with the duplication event
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that resulted in 2 AMY2 orthologs in apes and humans. The catarrhine AMY1 branch showed a pvalue approaching significance. Table refers to the tree in figure 4.

VII. Discussion
This research provides a more detailed picture of the evolutionary history of the AMY gene
cluster in primates and supports some of the results of a recently published study by Pajic and
colleagues with a few key differences (Pajic et al., 2018). The findings presented here show that
the early primates inherited one ancestral α-amylase coding gene from their mammalian ancestors.
The gene duplicates independently into two differentiated orthologs in both New World and Old
World monkeys. This independent duplication is an important difference from the work of Pajic
et al. which suggests that AMY duplicated in the anthropoid ancestor rather than the OWM lineage
(Pajic et al., 2018). If this were the case that this duplication had occurred in the anthropoid
ancestor, I would have expected the OWM paralogs to nest among the ape sequences rather than
a separate branch. I did not find evidence of additional copies in OWMs. Assuming that the gibbon
lost its “AMY1 like” gene, the ancestor of the apes must have possessed a single AMY that
duplicated into the AMY1 and AMY2 like genes followed by a second duplication of the AMY2
gene. Uniquely and in contrast to Pajic et al., the gorilla sequence used in this study showed a third
duplicate of the AMY2 gene. Humans appear to be the only living catarrhine with an expanded
AMY1 gene cluster with a minimum of 3 salivary genes (Figure 4.)
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Figure 5. Summary of my findings. Ancestral primates inherit one AMY copy from their
mammalian ancestor. Independent duplications of AMY occur in the ancestors of New World
monkeys and Old World monkeys resulting in two differentiated orthologs. Two more duplications
occurred in the ape ancestor, AMY to AMY1 and AMY2 and AMY2 to AMY2A, and AMY2B resulting
in 3 gene variants in orangutans, gorillas, chimpanzees, and bonobos. Gibbons lose their AMY1
and duplicate AMY2. AMY2 duplicates again in gorillas. Humans AMY1 expands further for a total
of 5 variants (3 salivary and 2 pancreatic). The number copies of the AMY1 gene varies across
human populations in response to historical reliance on starch-rich foods.

Humans are the only primate species with an expanded AMY1 gene cluster. I infer that this
unprecedented human expansion set the stage for the copy number variation present in human
populations today. Furthermore, these findings support the idea that any variation in the production
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of AMY proteins in non-human primates, for example between different species with different
diets, likely is not mediated via copy number variation and therefore must be regulated by other
means. Gorillas may have further duplicated their AMY2 genes, and although previous studies did
not report finding this additional copy, this could explain the species’ somewhat elevated amylase
production (Pajic et al., 2018). However, more research is necessary to determine if the additional
gorilla gene variant is functional.
It is worth noting that the significant expansion of the human AMY gene cluster described
in this study corresponds with significantly increased starch consumption in humans and the
increase in relative brain size that occurred between humans and other living apes. Although it is
possible that these two traits could have expanded independently from one another and more
research in this area is needed, these findings support the previously mentioned hypothesis that
starch played an essential role in meeting the additional energetic demands of the human brain
(Hardy et al., 2015). My findings also provide evidence that the AMY2 gene may have historically
been subject to episodic diversifying selection in apes, possibly resulting in this expansion and an
increased role of pancreatic amylase during starch digestion.
As noted earlier, the production of the enzyme amylase varies among human populations,
a phenomenon which is, in part, linked to variation in the AMY gene copy number such that
individuals with higher copy number see an increase in amylase production potential (Perry et al.,
2007). However, other studies have noted that some Old World monkeys may produce amylase at
a higher rate despite possessing fewer amylase gene copies that their ape relatives due to their
starch-rich diet (Mau et al., 2010). Perhaps this points to the idea that the volume of amylase
produced is only one way in which organisms can cope with relatively high starch diets and that
the expansion of the amylase gene cluster resulted in more effective use of the enzyme during
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digestion. For apes and humans, in particular, the ability to fine-tune amylase production in
response to differential rates of starch intake could have contributed to the ecological flexibility
necessary to inhabit a variety of environments including savannahs where nutrient-rich foods are
less abundant. This expansion may have also been adaptive in the sense that it would have allowed
these species to ramp up production in times of food scarcity in seasonal environments to maximize
the intake of energy. Further research would be necessary to confirm whether humans and other
apes process starch more effectively than other primates or if food scarcity results in increased
alpha-amylase expression.
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IX. Appendix
>hg38_amy1a
ATGAAGCTCTTTTGGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCTCAAATACACAACAAGGA
CGAACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCCATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGCAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGTCTGGTCTTCTCGATCTTGCACTGGGGAAGGATTATGTGCGTTCT
AAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGAATTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCGGAAGGT
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AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGT
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCGCTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGCGCTGGAGGAGCCTCTATACTTACCTTCTGGGATGCTAGGCTGTAC
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGATATTTTGAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATGATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGACATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAACTG
CACAGGCATTAAAATCTACGTTTCTGATGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTGTAA

>hg38_amy1b
ATGAAGCTCTTTTGGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCTCAAATACACAACAAGGA
CGAACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCCATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGCAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGTCTGGTCTTCTCGATCTTGCACTGGGGAAGGATTATGTGCGTTCT
AAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGAATTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCGGAAGGT
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGT
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCGCTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGCGCTGGAGGAGCCTCTATACTTACCTTCTGGGATGCTAGGCTGTAC
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGATATTTTGAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATGATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGACATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAACTG
CACAGGCATTAAAATCTACGTTTCTGATGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTGTAA
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>hg38_amy1c
ATGAAGCTCTTTTGGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCTCAAATACACAACAAGGA
CGAACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCCATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGCAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGTCTGGTCTTCTCGATCTTGCACTGGGGAAGGATTATGTGCGTTCT
AAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGAATTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCGGAAGGT
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGT
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCGCTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGCGCTGGAGGAGCCTCTATACTTACCTTCTGGGATGCTAGGCTGTAC
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGATATTTTGAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATGATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGACATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAACTG
CACAGGCATTAAAATCTACGTTTCTGATGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTGTAA

>hg38_amy2a
ATGAAGTTCTTTCTGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCGAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTTACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAC
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTCAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGACTGGTCTTCTTGATCTTGCACTGGAGAAGGATTACGTGCGTTCT
AAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCTGCAGGA
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AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGT
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCGTACCTTCTGACAGAGCGCTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCTAGGCTGTAC
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTACGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGACAGTTTCAAAATGGAAACGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTATTTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAATTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATTTACGTTTCTGATGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTGTAA

>hg38_amy2b
ATGAAGTTCTTTCTGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTCTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGGTTGGTCTTCTTGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
AAGATTGCCGAATATATGAATCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCTGCAGGA
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACCTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCTAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGTTTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGACAGTTTCAAAATGGAAACGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGACATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTGACGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAGGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTATAA
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>Chimp1
ATGAAGCTCTTTTGGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGAACGTCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCGAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCCATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGCAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGTCTGGTCTTCTTGATCTTGCACTGGGGAAGGATTATGTGCGTTCT
AAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCTGCAGGA
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCGCTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATACTTACCTTCTGGGATGCTAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGATATTTTGAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGACATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAACTG
CACAGGCATTAAAATCTACGTTTCTGATGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCAGAATCTAAATTGTAA

>Chimp2
ATGAAGTTCTTTCTGTTGCTTTTAACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCGAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTTACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTCAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGTCTGGTCTTCTTGATCTTGCACTGGAGAAGGATTATGTGCGTTCT
AAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCTGAAGGA
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AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAATGACTACTTTGGT
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGGATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATACCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCTAGGCTGTAC
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTACGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGACAGTTTCAAAATGGAAACGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATTTACGTTTCTGATGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCAGAATCTAAATTGTAA

>Chimp3
ATGAAGTTCTTTCTGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCGAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTCTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGGTTGGTCTTCTTGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
AAGATTGCCAAATATATGAATCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCTGCAGGA
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTTGGCACAGTTATTGGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCTAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGACAGTTTCAAAATGGAAACGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGACATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTGACGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTGTTGCAATTCATGCTGAATCTAAATTATAA
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>panPan1
ATGAAGCTCTTTTGGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGAACGTCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGCGTTCAGGTCTCTCCACCAAATGAAAATGTTGCCATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGCAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGTCTGGTCTTCTTGATCTTGCACTGGGGAAGGATTATGTGCGTTCT
AAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCTGCAGGA
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
TTGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCGCTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATACTTACCTTCTGGGATGCTAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGATATTTTGAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGACATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAACTG
CACAGGCATTAAAATCTACGTTTCTGATGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAAATCC
ATTTATTGCAATTCATGCAGAATCTAAATTGTAA

>panPan2
ATGAAGTTCTTTCTGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCGAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTTACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTCAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAACGAT
GCTACTCAGGTCAGAGATTGTCGTCTGTCTGGTCTTCTTGATCTTGCACTGGAGAAGGATTATGTGCGTTCT
AAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCTGAAGGA
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AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAATGACTACTTTGGT
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGGATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATACCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCTAGGCTGTAC
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTACGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGACAGTTTCAAAATGGAAACGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTA
AATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATTTACGTTTCTGATGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTGTAA

>panPan3
ATGAAGTTCTTTCTGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCGAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGGTTGGTCTTCTTGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
AAGATTGCCAAATATATGAATCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCTGCAGGA
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTTGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCTAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGACAGTTTCAAAATGGAAACGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTTATTGTTTTCAACAATGATGACTGGACATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTGACGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTATAA

48

>gor1
ATGAAGTTCTTTCTGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGAACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCCATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGCAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGACATCGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGTCTGGTCTTCTTGATCTTGCACTGGGGAAGGATTATGTGCGTTCT
AAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGATTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCGGAAGGT
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAGGCAGTGACTACTTTGGT
AATGGCCGGGTGACAGAGTTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCGCTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATACTTACCTTCTGGGATGCTAGGCTGTAC
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGATATTTTGAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGACATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAACTG
CACAGGCATTAAAATCTACGTTTCTGATGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTGTAA

>gor2
ATGAAGTTCTTTCTGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCCATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTCTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGGTTGGTCTTCTTGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
AAGATTGCTGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCGGAAGGT
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AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGT
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAACGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCTAGGCTTTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGACAGTTTCAAAATGGAAACGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAACGATGACTGGACATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTGACGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTATAA

>gor3
ATGAAGTTCTTTCTGTTGCTTTTAACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTTACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTCAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAACGAT
GCTACTCAGGTCAGAGATTGTCGTCTGTCTGGTCTTCTTGATCTTGCACTGGAGAAGGATTATGTGCGTTCT
AAGATTGCCGAATATATGAACCATCTCATTGACA-TGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACT-CATAATCTAAACAGTAACTGGTTCCCTG-AGGA
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGAATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGGATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATACCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCTAGGCTGTAC
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTACGGATTTACACGAGTAATGTCAAGCTACCGGTGGCCA
AGACAGTTTCAAAATGG-AACGATGTTAATGATTGGGTTGG---------GCCACCAAATGATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCAATAAGGAACATGGTTAATTTCCGCAACGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGACAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGG-CATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATTTACGTTTCTGATGATGGCAAAGCTAATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTGT-A
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>gor4
ATGAAGTTCTTTCTGTTGCTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCCATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTCTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGGTTGGTCTTCTTGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
AAGATTGCTGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCGGAAGGT
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGT
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAACGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCTAGGCTTTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGACAGTTTCAAAATGGAAACGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTAATTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAACGATGACTGGACATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTGACGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTATAA

>gor5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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------------------------------------------------------------------------------------------------------------------------------------------------------------GAACTGGGGAAA---TTGGGGTTTCATACCTTCTGACAGAGCACTTGTC-TTGTGGAT
AACCATGACAATCAACGAGGACAT-GGGCTGGAGGAAGCTCTATTCTTA-CTTCTGGGATGCTAGGCTGTAC
AAAAATG-GGTTGGATTTATGCTTGCTCATCCTTACGGATTTACACGAGTAATGTCAAGCTACCGGTGGCCA
AGACAGTTTCAAAATGGAAACGATGTTAATGATTGGGTTGG---------GCCACCAAATGATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTA--TTCCGCAA-GTAGTGGATGGCCAGCCTTTTACAAACTG-TATGACAATGGGAG
CAACCAAGTGGCTTTTGGGAGA-GAAACAGAGGATTCATTGTTTTCAACAATGATGACTGG-CATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATTTACGTTTCTGATGATGGCAAAGCTAATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTGTAA

>pongo1
ATGAAGTTCTTTCAGTTGTTTTTCACCATTGGGTTCTGCTGGGCTCAGTATTCTCCAAATACACAACAAGGA
CGAACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTCACAACCCTTCCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGCAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCGGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGTCTGGTCTTCTTGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
AAGATTGCTGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTGAACAGTAACTGGTTCCCCGAAGGA
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCGCTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCTAGGCTGTAC
AAAATGGCAGTTGGATTTATGCTTGCACATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGATATTTTGAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATGATAATGGAGTAACTAAAGAAGTTACCATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTACATTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCGATTG
CACAGGCATTAAAATCTACGTTTCTGATGATGGTAAAGCTAATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTGTAA
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>pongo2
ATGAAGTTCTTTTTGTTGCTCTTAACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGCGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTTACAACCCTTTCAGACCT
TGGTCGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGCTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCGGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAATAAT
GCTACTCAGGTCAGAGATTGTCGTCTGGTTGGTCTTCTTGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
AAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAAATGGTTCCCTGAAGGA
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAACCAATTAAAAGCAGTGACTACTTTGGA
AATGGCTGCGTGACAGAATTCAAGTATGGTGCAAAACTCAGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCCATTCTTACCTTCTGGGATGCTAGGCTATAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGACAGTTTCAAGATGGAAAA--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------TGGCCTTTGGAAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTGATGATGGCAAAGCTCATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTATAA

>pongo3
ATGAAGTTCTTTCTGTTGCTTTTAACCATTGGTTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGAGTTCAGGTCTCCCCACCAAATGAAAATGTAGCAATTTACAACCCTTTCCGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACAAGATGCAACAATGTGGGAGTTCGTATTTATGTGGATGCTGTAATAAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACGAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATACTCGGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAACGAT
GCTACTCAGGTCAGAGATTGTCGTCTGACTGGTCTTCTTGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
AAGATTGCCGAATATATGAACCGTCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAGTTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCTGAAGGA
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AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGAGTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCGTGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCTAGGCTATAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGTCA
AGACAGTTTCAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTATTTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGTCACTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATTTATGTTTCTAACGATGGCAAAGCTAATTTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGCTGAATCTAAATTGTAA

>gibbon1
ATGAAGTTCTTTTTGTTGCTTTTAACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACGCAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGGTGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCA
CCCAAGGGATTTGGAGGGGTTCAGATCTCTCCACCAAATGAAAATGTTGCAATTCACAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGCAACAATGTTGGGGTTCATATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GGTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGGTTGGTCTTCTTGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
GAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACGGACTGCATAATCTAAACAGTAGCTGGTTCCCTGAAGGA
AGTAAACCTTTCATTTACCAGGAGATAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGGCTCTATTCTTACCTTCTGGGATGCCAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCATATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGACAGTTTGAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATGATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTGCTTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTGATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTGATGATGGCAAAGCTCATTTTTCTGTTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATCCATGCTGAATCTAAATTATAA
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>gibbon2
ATGAAGTTCTTTCTGTTGCTTTTCACCATTGGATTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGGTGGGTTGATATTGCTCTTGAATGTGAGCGATATTTAGCA
CCCAAAGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGTAATTCAGAACCCTTTCAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGCAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GGTGTGAGTGCAGGAACAAGCAGTACCTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATCGAGAACTACAACGAT
GCTACTCAGGTCAGAGATTGTCGTCTGACTGGTCTTCTTGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
GAGATTGCCGAATATATGAACCATCTCATTGACATTGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTAAACAGTAACTGGTTCCCTGAAGGA
AGTAAACCTTTCATTTTCCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGACTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGATGCCAGGCTGTAC
AAAATGGCAGTTGGATTTATGCTTGCTCATCCATACGGATTTACACGAGTAATGTCAAGCTATCGTTGGCCA
AGATATTTTGAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATGATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTGCTTTCCGCAATGTAGTGGATGGCCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTGATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTGATGATGGCAAAGCTCATTTTACTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATCCATGCTGAATCTAAATTATAA

>papAnu1
ATGAAGTTCTTTCTGTTGCTTTTAACCATTGGGTTCTGCTGGGCTCAGTATTCTCCAAATACACAACAAGGA
CGGACATCTATCGTTCATCTGTTTGAATGGCGATGGGCTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGGTTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTTACAATCCTTCAAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTACAAATTATGCACAAGATCTGG-AATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACTTGTGGAAGTTATTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCGTATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTTCAAGTGGAGATATTGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTCACTGGTCTTCTTGATCTTGCGCTGGGGAAGGATTATGTGCGTTCC
AAGATTGCCGAATATATGAACAATCTCATTGACATGGGAGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGGCCTGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTC-ACAGCAACTGGTTTCCTCAAGGA
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AGTAAACCTTTCATTTACCAGGAGGTAATTGACCTGGGTGGTGAGCCAATTAAAAGCAGTGAATACTTTGGA
AACGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGACGCCAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGATATTTTCAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTGCTTTCCGCAATGTAGTGGATGGTGAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGAAGAGGAAACAAAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTGATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTAATGATGGCAAAGCTCAATTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGTTGAATCTAAATTATAA

>papAnu2
ATGAAGTTCTTTCTGTTGCTTTTAACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATCGTTCATCTGTTTGAATGGCGATGGGCGGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTCACAACCCTTCAAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACTTGTGGAAGTTATTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCGTATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTTCAAGTGGAGATATCGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTCACTGGTCTTCTTGATCTTGCGCTGGAGAAGGATTATGTGCGTTCC
AAGATTGCCGAATATATGAACAATCTCATTGACATGGGAGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAGTTTTGGACAAACTGCATAATCTCAACAGTAACTGGTTTCCTCAAGGA
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGAGTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCGTGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGACGCCAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGAAATTTTCAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTGCTTTCCGCAATGTAGTGGATGGTCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGAAGAGGAAACAAAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTC
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTGATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTAATGATGGCAAAGCTCAATTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGTTGAATCTAAATTATAA
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>macFas1
ATGAAGTTCTTTCTGTTGCTTTTAACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATCGTTCATCTGTTTGAATGGCGATGGGCTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGGTTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTTACAATCCTTCAAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCCGTGAGTGCAGGAACAAGCAGTACTTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCGTATTCTGGATGGGATTTTAACGATGGTAAATGTAAAACTTCAAGTGGAGATATTGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGAGTGGTCTTCTTGATCTTGCGCTGGAGAAGGATTATGTGCGTTCC
GAGATTGCCGAATATATGAACAAGCTCATTGACATGGGAGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTCAACAGTAACTGGTTTCCTCAAGGA
AGTAAACCTTTCATTTTCCAGGAGGTAATTGACCTGGGTGGTGAGCCAATTAAAAGCAGTGAGTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGACGCCAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGAAATTTTCAAAATGGAAAAGATGTTAATGACTGGGTTGG---------GCCACCAAATAATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTGCTTTCCGCAATGTAGTGGATGGTGAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGAAGAGGAAACAAAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTGATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTAATGATGGCAAAGCTCAATTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGTTGAATCTAAATTATAA

>macFas2
ATGAAGTTCTTTCTGTTGCTTTTAACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATCGTTCATCTGTTTGAATGGCGATGGGCGGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAAGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTCACAACCCTTCAAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACTTGTGGAAGTTATTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCGTATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTTCAAGTGGAGATATCGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGACTGGTCTTCTTGATCTTGCGCTGGAGAAGGATTATGTGCGTTCC
AAGATTGCCGAATATATGAACAATCTCATTGACATGGGAGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTCAACAGTAACTGGTTTCCTCAAGGA
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AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGAGTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACGGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCGTGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGACGCCAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGAAATTTTCAAAATGGAAAAGATGTTAATGATTGGGTTGGACCACCAAAACCACCAAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTGCTTTCCGCAATGTAGTGGATGGTGAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGAAGAGGAAACAAAGGATTCATTGTTTTCAACAATGATGACTG-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

>rheMac1
ATGAAGTTCTTTCTGTTGCTTTTAGCCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATCGTTCATCTATTTGAATGGCGATGGGCTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGGTTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTTACAATCCTTCAAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCCGTGAGTGCAGGAACAAGCAGTACTTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCGTATTCTGGATGGGATTTTAACGATGGTAAATGTAAAACTTCAAGTGGAGATATTGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGAGTGGTCTTCTTGATCTTGCGCTGGAGAAGGATTATGTGCGTTCC
GAGATTGCCGAATATATGAACAAGCTCATTGACATGGGAGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTCAACAGTAACTGGTTTCCTCAAGGA
AGTAAACCTTTCATTTTCCAGGAGGTAATTGACCTGGGTGGTGAGCCAATTAAAAGCAGTGAGTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGACGCCAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGAAATTTTCAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAACTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTGCTTTCCGCAATGTAGTGGATGGTGAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGAAGAGGAAACAAAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTGATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTAATGATGGCAAAGCTCAATTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGTTGAATCTAAATTATAA
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>rheMac2
ATGAAGTTCTTTCTGTTGCTTTTAACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATCGTTCATCTGTTTGAATGGCGATGGGCTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTCACAACCCTTCAAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCTGTGAGTGCAGGAACAAGCAGTACTTGTGGAAGTTATTTCAACCCTGGAAGTAGGGACTTTCCAGCAGTC
CCGTATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTTCAAGTGGAGATATCGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGACTGGTCTTCTTGATCTTGCGCTGGAGAAGGATTATGTGCGTTCC
GAGATTGCCGAATATATGAACAAGCTCATTGACATGGGAGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTCAACAGTAACTGGTTTCCTCAAGGA
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTAAAAGCAGTGAGTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACGGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCGTGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGACGCCAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGAAATTTTCAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTGCTTTCCGCAATGTAGTGGATGGTCAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGAAGAGGAAACAAAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTC
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTGATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTAATGATGGCAAAGCTCAATTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGTTGAATCTAAATTATAA

>chlSab1
ATGAAGTTCTTTCTGTTGCTTTTAACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATCGTTCATCTGTTTGAATGGCGATGGGCTGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGGTTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTTACAATCCTTCAAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCCGTGAGTGCAGGAACAAGCAGTACTTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCCGCAGTC
CCCTATTCTGGATGGGATTTTAACGATGGTAAATGTAAAACTTCAAGTGGAGATATAGAGAACTATAATGAT
GCTACTCAGGTCAGAGATTGTCGTCTGAGTGGTCTTCTTGATCTTGCGCTGGAGAAGGATTATGTGCGTTCC
AAGATTGCCGAATATATGAACAATCTCATTGACATGGGTGTTGCAGGGTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAATTTTGGACAAACTGCATAATCTCAACAGTAACTGGTTTCCTCAAGGA
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AGTAAACCTTTCATTTTCCAGGAGGTAATTGACCTGGGTGGTGAGCCAATTACAAGCAGTGAGTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAACGGAGACAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCCTCTATTCTTACCTTCTGGGACGCCAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTAATGTCAAGCTACCGTTGGCCA
AGAAATTTTCAAAATGGAAAAGATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAAGTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTGCTTTCCGCAATGTAGTGGATGGTGAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGGAGAGGAAACAAAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGACAAAATTGATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTGATGATGGCAAAGCTCAATTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGTTGAATCTAAATTATAA

>chlSab2
ATGAAGTTCTTTCTGTTGCTTTTAACCATTGGGTTCTGCTGGGCTCAGTATTCCCCAAATACACAACAAGGA
CGGACATCTATCGTTCATCTGTTTGAATGGCGATGGGTGGATATTGCTCTTGAATGTGAGCGATATTTAGCT
CCCAAGGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATGTTGCAATTCACAACCCTTCAAGACCT
TGGTGGGAAAGATACCAACCAGTTAGCTATAAATTGTGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGTAAT
GCCGTGAGTGCAGGAACAAGCAGTACTTGTGGAAGTTACTTCAACCCTGGAAGTAGGGACTTTCCGGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTTCAAGTGGAGATATCGAGAACTATAATGAT
GCTACTCAG----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------GATGTTAATGATTGGGTTGG---------GCCACCAAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGATGGCGCCA
AATAAGGAACATGGTTGCTTTCCGCAATGTAGTGGATGGTGAGCCTTTTACAAACTGGTATGATAATGGGAG
CAACCAAGTGGCTTTTGGAAGAGGAAACAAAGGATTCATTGTTTTCAACAATGATGACTGGTCATTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGGGATAAAATTGATGGCAATTG
CACAGGCATTAAAATCTACGTTTCTAATGATGGCAAAGCTCAATTTTCTATTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGTTGAATCTAAATTATAA
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>calJac1
ATGAAGTTCTTTCTGTTGCTCTTATCCATCGGGTTGTGCTGGGCTCAGTATTTCCCAAATACACAGCAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAGTGTGAGCGATACTTAGCT
CCCAATGGATTTGGAGGGGTTCAGGTCTCTCCACCAAATGAAAATCTCGTAGTTAACAACCCTTCAAGACCT
TGGTGGGAAAGATACCAACCAATTAGCTATAAATTATGCACAAGATCTGGAAATGAAGACGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGAGTTCGTATTTATGTGGATGCTGTGATTAATCATATGTGTGGCAAT
GCTGCGGGTGCAGGAACAAGCAGTACTTGTGGAAGTTACTTCAACGCTGGAAATAGGGAGTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATTGAGAACTATAATGAT
GCTACGCAGGTCAGAGATTGTCGTCTGGTTGGTCTTCTGGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
AAGGTTGCAGAATACATGAACCATCTCATTGACATTGGTGTTGCTGGCTTCAGACTTGATGCTTCCAAGCAC
ATGTGGCCTGGAGACATAAAGGCAGTTTTGGATAAACTGCATAATCTAAACAGTAGCTGGTTCCCTGAAGGA
AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTACAAGCAGTCAGTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTCGGCACAGTTATTCGCAAGTGGAATGGAGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCTTCTATTCTTACCTTCTGGGATGCCAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTGATGTCAAGCTACCGTTGGGAG
AGATATTTTGAAAATGGAAAAGATATTAATGATTGGATTGG---------GCCACCTAATAATAATGGAGTAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGGTGGCGCCA
AATAAGGAACATGGTCATCTTCCGCAATGTAGTGGATGGCCAGCCTTTCACAAACTGGTGGGATAATGGCAG
CAACCAAGTGGCCTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGTCACTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
TACAGGCATTAAAATTTATGTTTCCAATGATGGCAAGGCTGATTTTTCTATTAGTAACTCTGCTGAAGATCC
GTTTATTGCAATTCACGTTGAATCTAAATTATAA

>calJac2
ATGAAGTTCTTTCTGTTGCTCTTATCCATCGGGTTGTGCTGGGCTCAGTATTTCCCAAATACACAGCAAGGA
CGGACATCTATTGTTCATCTGTTTGAATGGCGATGGGTTGATATTGCTCTTGAATGTGAGCGATACTTAGCT
CCCAATGGATTTGGAGGGGTTCAGATCTCTCCACCAAATGAAAATCTTGTAGTTAACAACCCTTCAAGACCT
TGGTGGGAAAGATACCAACCAATTAGCTATAAATTATGCACAAGATCTGGAAATGAAGATGAATTTAGAAAC
ATGGTGACTAGATGTAACAATGTTGGGGTTCGTATTTATGTGGATGCTGTAATTAATCATATGTGTGGCAAT
GCTGCGGGTGCAGGAACAAGCAGTACTTGTGGAAGTTACTTCAATGCTGAAAATAGGGAGTTTCCAGCAGTC
CCATATTCTGGATGGGATTTTAATGATGGTAAATGTAAAACTGGAAGTGGAGATATTGAGCTCTATAATGAT
GCTTCCCAGGTCAGAGATTGTCGTCTGGTTGGTCTTCTGGATCTTGCACTGGAGAAAGATTATGTGCGTTCC
AAGGTTGCAGAATATATGAACCATCTCATTGACATTGGTGTTGCTGGCTTCAGAATTGATGCTTCCAAGCAC
ATATGGCCTGGAGACATGAAGGCAATTTTGGATAAACTGCATAATCTAAACTGTAGCTGGTTCCCTGAAGGA
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AGTAAACCTTTCATTTACCAGGAGGTAATTGATCTGGGTGGTGAGCCAATTACAAGCAGTCAGTACTTTGGA
AATGGCCGGGTGACAGAATTCAAGTATGGTGCAAAACTTGGCACAGTTATTCACAAGTGGAATGGCGAGAAG
ATGTCTTACTTAAAGAACTGGGGAGAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGAT
AACCATGACAATCAACGAGGACATGGGGCTGGAGGAGCTTCTATTCTTACCTTCTGGGATGCCAGGCTGTAT
AAAATGGCAGTTGGATTTATGCTTGCTCATCCTTATGGATTTACACGAGTGATGTCAAGCTACCGTTGGGCG
AGATATTTTGAAAATGGAAAAGATGTTAATGATTGGATTGG---------ACCACCAAATAATAATGGAGAAATTAAAGAAGTTACTATTAATCCAGACACTACTTGTGGCAATGACTGGGTCTGTGAACATCGGTGGCGCCA
AATAAGGAACATGGTCATCTTCCGCAATGTAGTGGATGGCCAGCCTTTCACAAACTGGTGGGATAATGGCAG
CAACCAAGTGGCCTTTGGGAGAGGAAACAGAGGATTCATTGTTTTCAACAATGATGACTGGACACTTTCTTT
AACTTTGCAAACTGGTCTTCCTGCTGGCACATACTGTGATGTCATTTCTGGAGATAAAATTAATGGCAATTG
CACAGGCATTAAAATCTACATTTCTGATGATGGCACAGCTCATTTTTCTGTTAGTAACTCTGCTGAAGATCC
ATTTATTGCAATTCATGTTGAATCTAAATTATAA

>calJac3
ATGAAGTTCTTTC------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------GTAATTGACCTGGGTGGTGAGCCAATTACAAGCAGTCAGTACTTTGGAAATGGCCAGGTGACAGAATTCAAG
TATGGTGCAAAACTCGGCACAGTTATTCACAAGTGGAATGGAGAGAAGATGTCTTACTTAAAGAACTGGGGA
GAAGGTTGGGGTTTCATGCCTTCTGACAGAGCACTTGTCTTTGTGGATAACCATGACAATC------GACAT
GGGGCTGGAGGAGCTTCTATTCTTACCTTCTGGGACGCCAGGCTGTATAAAATGGCAGTTGGATTTATACTT
GCTCATCCTTATGGATTTACACAAGTGATGTCAAGCCACCATTGCGCAAGACATTTTGAAAATGGAAAA----------------------------GCCATCAAA-AACGATGAGTT------------------------------------------------------------------------------------------------------------------------GCAAACTGACACAAAAAC--------------------------AGA
AAATCAAATACCACATGTTCTC----------ACTC-------TTTTTCACTATATGACATGATTCTAAGGC
CAACAC------TGATAACCTCCCTAGGGTTA---------------TTCTGGGTTTTTACATTAATATTTT
TAGCAGTGCCAATC----------------------------AGAAAAATATATTAAACATCTTGCCAAATT
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TA-TTTAAAA
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